We follow the trajectory of the out-of-equilibrium electron population in low-bandgap semiconductor InSb, using reflective cross-polarized 2D THz time-domain spectroscopy. The 2D THz spectra show a set of distinct features at combinations of the plasma edge and vibration frequencies. We assign these features to electronic nonlinearities, using finite difference time domain simulations, and show that the nonlinear response in the first picoseconds is dominated by coherent ballistic motion of the electrons. We demonstrate that this technique can be used to investigate the landscape of the band curvature near the Γ-point such as anisotropic characteristics in the (100)-plane.
I. INTRODUCTION
2D spectroscopy has been recently extended to the THz frequency range, from 1 THz to 25 THz, showing the potential of this technique for probing and exciting low-energy excitations, including electronic and lattice coupling [1] , 2phonon coherence [2] , magnon nonlinearities [3] and phonon nonlinearities [4] .
Here, we present 2D-THz experiments in the range between 1-10 THz in a reflective geometry (see Fig. 1 ) investigating the electronic band-nonlinearities of InSb, using THz electric fields generated from a 2-colour plasma source (up to 100 kV/cm) and optical rectification in an organic crystal (up to 250 kV/cm). In the very first picoseconds after excitation, coherent motion of driven electrons dominates the nonlinear response, as previously observed in GaAs [5] . Subsequently, carrier multiplication effects such as impact ionization (from electron-electron scaterring) or interband tunnelling start to dominate. These different phenomena have been seperated using a fine control of the polarization of both beams. 
II. RESULTS
Using 2D THz spectroscopy, we show that we can follow the electron dynamics in the first picoseconds after excitation. By using cross-polarized beams and polarization control, we separate different contributions to the nonlinear response, leading to distinct features in the 2D spectra.
By separating the contributions by their parity with the pump E2 (odd or even parity, see Fig. 2 ), we distinguish the incoherent contribution from impact ionization or interband tunneling which adds to the even nonlinear response, from the coherent ballistic acceleration of electrons under the THz field, which adds to the odd nonlinear response.
Focusing on the later one, we highlighted the anisotropy of the ballistic nonlinear response, when exploring different directions in the conduction band. To better understand the system response at times when the pulses overlap, we simulate our results using the finitedifference time-domain technique (FDTD). We hence reconstruct the trajectory of the out-of-equilibrium electron population in the (Γ ĺ X, K)-plane of InSb (see Fig. 3 ).
The simulations show that the nonlinear response is dominated by deviations of the conduction band dispersion from the radially symmetric, parabolic bands expected from a simple free electron gas model. 
III. SUMMARY
In conclusion, we demonstrate that the nonlinear observations result from ballistic transport of electrons along an anharmonic and anisotropic conduction band [6] . The spectra and their symmetries contain information regarding the local band curvature so that we can identify the symmetry of the valley in which the carriers reside.
